A new site-specific restriction endonuclease, AccIII, was isolated from Acinetobacter calcoaceticus. AccIII recognizes T^CCGGA and cleaves at the position shown by the arrow. AccIII activity was inhibited by adenine methylation at the overlapping dam methylase recognition sequence.
INTRODUCTION
Although many site-specific restriction endonucleases have been isolated from various kinds of bacteria, some palindromic sequences, which are not yet found to be recognized by known restriction endonucleases, still exist (1) . The two restriction endonucleases, AccI and AccII, in Acinetobacter calcoaceticus have been isolated and their recognition sequences and cleavage sites have been reported (2,3)-
The presence of a third activity was suggested by Roberts but Its details were unknown (2) . However, upon reexamining A. calcoaceticus, we found a new endonuclease, AccIII, which recognized a new palindromic sequence and some of its properties were investigated.
MATERIALS AND METHODS

Bacterial Strains and Culture Conditions
A. calcoaceticus (kindly donated from M. Takanaml) was used. Cells were aeroblcally incubated at 37°C in L-broth (10 g bacto-tryptone, 5 g yeast extract, 1 g glucose and 5 g NaCl per liter, pH 7-2) and harvested by centrifugation when It reached the late logarithmic phase. Enzyme activity was measured in a reaction mixture (50 ul) containing 10 mM Tris-HCl, pH 7.5, 7 mM MgCl 2 , 60 mM NaCl, 7 mM 2-mercaptoethanol, 0.01J bovine serum albumin, and 1 ^ig of DNA. One unit was defined as the amount of enzyme required to digest 1 |ig of A DNA completely in 60 min at 37°C. Purification of AccIII 349 g of cells were suspended in 10 mM potassium phosphate, pH 7.5, and 10 mM 2-mercaptothanol, and disrupted by sonication. Debris was removed by centrifugation (10 x g for 1 hr). The supernatant was treated with 50J (w/v) ammonium sulfate and the precipitate was collected and suspended in KP buffer (10 mM potassium phosphate, pH 7-5, 10 mM 2-mercaptoethanol, and 5% glycerol).
After dialysis against this buffer, the enzyme solution was applied on to a phosphocellulose (Whatman Pll) column (bed volume 300 ml), and eluted with a linear gradient of 0 -1.0 M KC1 in KP buffer. The AccIII was eluted at O.65 -0.70 M KC1, and was separated from the other two endonucleases, AccI and AccII. The AccIII fractions were pooled, dialyzed, and applied on to an Affi-Gel Blue agarose (BloRad) column (bed volume 4 ml). The AccIII fraction was passed through the column.
The active fractions were applied on to a The active fractions were pooled, dialyzed, and finally applied on to an Aminohexyl Agarose (BRL) column (bed volume 4 ml), and eluted with a linear gradient of 0 -1.5 M KC1 in KP buffer. The active fractions (0.32 -0.65 M KC1) were pooled, and concentrated with polyethyleneglycol.
An equal volume of glycerol was added and the enzyme preparation was stored at -20°C.
Determination of cleavage site for AccIII
The cleavage site of AccIII was determined using the synthetic decanucleotide d(GTTCCGGAAC) by a method described elsewhere (3).
AccIII (0.4 units) was added to a reaction mixture (20 containing 10 mM Tris-HCl, pH 7-5, 7 mM MgCl 7 mM 2-mercaptoethanol, 60 mM NaCl, and 0.45 )JM 5'-P-labeled oligonucleotides, and the solution was incubated at 37°C for 30 to 120 minutes.
The resulting oligonucleotides were then separated by homochromatography ( DNA was cleaved but the patterns were different from those of Dam" DNA, e.g. Clal (16) . We presumed that GATC partly overlapped at some of the AccIII recognition sites. Double digestion of Dam" pBR322 with AccIII and with each of Hindlll. Sail, Hindi, and PstI, showed that a unique cleavege site was assigned around 1700 bp (Fig. 3) . Furthermore, the computer search of the GATC sequence around the 1700 bp region indicates that GATC appeared three times in the 1459 to 3040 bp region (17, 18) . However, since the TCCGGATC which is present at 1664 to 1671 was closest to the unique cleavage site which was assigned around 1700 bp as mentioned above, it Is suggested that AccIII recognizes the palindromic sequence TCCGGA, which is present at the 1664 to 1669 bp region.
A computer search of TCCGGA through the sequence of A , pBR322, SV40, ^X174, and Ad2 indicates that this sequence should respectively occur at 24, 1, 0, 0, and 8 different sites (19, 17, 18, 20, 21, 22) .
These are compatible with the digestion patterns of these DNA with AccIII, as shown in Fig. 1 and 2 . The recognition sequence was confirmed on a complete AccIII map of A. DNA (19) . As shown in Fig. 4 , the AccIII recognition sequence and the dam methylase recognition sequence are partially overlapped at three positions, 10320, I38IO, and 22345 bp.
Knowing that AccIII activity was inhibited at the three positions, the fragment sizes of both Dam and Dam" A DNA were computed and are shown in Fig. 1 (lanes 4 and 5) . As expected, the patterns produced by AccIII cleavage were the same as those computed from the nucleotide sequence. Determination of AccIII cleavage site
The cleavage site of AccIII was identified using a synthetic oligonucleotide d(GTTCCGGAAC). The oligonucleotide was labeled detected by autoradiography.
The trinucleotide •* P-GTT was found to be the product of AccIII digestion (Fig. 5) These differences show that in A. calcoaceticus, AccIII may play a distinct role from those of the other two enzymes.
Inhibition of cleavage due to overlapping E. coli dam or dcm modification sites have been observed for several restriction endonucleases (1) . Partly overlapping with dam modification resulted in resistance to cleavage by Clal (GATCGAT), HphI (GGTGATC), MboII (GAAGATC), Nrul (GATCGCGA) , Tag I (GATCGA), and Xbal (GATCTAGA) (24) . Here, AccIII was found to be inhibited by such a modification.
AccIII cleaves between T and C in the recognition sequence, TCCGGA, and produces 5'protruding tetranucleotides, CCGG. The AccIII digestion products could be ligated directly with CfrlOI ((A/G)|CCGG(T/C)), Cf£9I, Xcy_I, and Xmal (C|CCGGG) fragments, which all have the CCGG sequence at the 5'termini (1).
